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Pu(VI) Stock Solution
The same process used to prepare the Pu(IV) stock solution was utilized here, yet after the third addition of HCl (aq), the solution was taken to near dryness and 5mL of H 2 O were added. The solution was heated, stirred and an excess of KBrO 3(s) was added. The oxidation of Pu(IV) → Pu(VI) occurred over a period of 5 minutes and upon completion, the volume of the solution was reduced to near dryness. The moist solids were dissolved in 2 mL of concentrated HCl (aq) . The oxidation state of the Pu was verified to be +6 by UV-Vis absorbance spectroscopy and the concentration was determined to be 219 mg Pu/mL by high resolution γ-spectroscopy.
Synthesis of 4
A 80μL aliquot of the 239 Pu(VI) stock solution was added to a two dram vial that contained two molar equivalents (based on Pu) of crystalline 4-chloropyridine · HCl. Crystals suitable for crystallographic analysis formed over the course of several weeks and were harvested. Reaction yields were not obtained.
X-ray Crystallography

Sample Preparation
All manipulations were performed in a radiological fume hood designated for handling transuranic radioisotopes. Single crystals of 1 -4 were coated in Paratone-N oil and cut to an appropriate size for the diffraction experiment. The crystals were in turn mounted onto the MiTeGen MicroMount TM and coated in Krazy™ glue. In the case of 3 and 4, a clear heat sealable tube (manufactured by Vention Ⓡ Medical) made of polyphenylene ether was placed over the MicroMount TM and copper post and affixed with epoxy.
Experiment Details
Reflection data of 1 and 2 were collected using 0.5°ω scans at 110(2)K on a Bruker Quazar diffractometer equipped with an APEX II CCD detector with a Mo Kα IµS source whereas data of 3 and 4 were collected using 0.5°ω and φ scans at 296(2)K on a Bruker D8 Venture diffractometer equipped with a Photon 100 CMOS detector with a Mo Kα source equipped with a triumph monochromator and Ag IµS source ( Table S1 ). All data were reduced and corrected for absorption (SADABS 1 or TWINABS) using the APEX III software suite. 2 The data were solved using direct methods via SHELXS 3 and refined using SHELXL-14 4 within the WINGX software suite. 5 Publication materials were prepared using EnCifer V.1.6.1 6 and figures of title compounds were made using CrystalMaker V.10.2.1. 7 
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All of the non-hydrogen atoms in 1 -4 were located using difference Fourier maps and refined anisotropically. The H atoms associated with the carbon and nitrogen atoms of the 4-X-pyridinium (X = H, Cl, I) cations were located in difference Fourier maps, but were placed in calculated positions and allowed to ride on their parent atoms. We note that the H atoms associated with the nitrogen atoms in 1-4 were modeled, distance restrained (DFIX) and refined isotropically. The H atom on N2 in 4 was placed in a calculated position and allowed to ride on its parent atom. The pyridinium ring in 2 was disordered over two positons and was therefore modeled using a Part command. Subsequently, the N atoms were treated with ISOR restraints to account for high Ueq values.
We are thankful to Dr. Ginger Sigmon of the Department of Civil and Environmental Engineering and Earth Sciences at the University of Notre Dame for the data collections of 1 and 2. 
S5
Figure S1
. The structure of 1 with the thermal ellipsoids drawn at the 50% probably level. Figure S2 . The structure of 2 with the thermal ellipsoids drawn at the 50% probably level.
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Figure S3. The structure of 3 with the thermal ellipsoids drawn at the 50% probably level. Figure S4 . The structure of 4 with the thermal ellipsoids drawn at the 50% probably level. 
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Bond Lengths and Interaction Parameters
O(1)-Pu(1) 2.446(3) O(1)-Pu(1)-O(2) 51.7(1) O(2)-Pu(1) 2.497(3) O(4)-Pu(1)-O(5) 51.49(9) O(4)-Pu(1) 2.468(3) O(8)-Pu(1)-O(7) 51.17(9) O(5)-Pu(1) 2.450(3) Cl(1)-Pu(1)-Cl(2) 88.75(4) O(7)-Pu(1) 2.475(3) Cl(1)-Pu(1)-Cl(3) 83.79(4) O(8)-Pu(1) 2.448(3) Cl(2)-Pu(1)-Cl(3) 88.03(3) Cl(1)-Pu(1) 2.5996(10) O(8)-Pu(1)-O(7) 51.49(9) Cl(2)-Pu(1) 2.6143(9) O(1)-Pu(1)-O(2) 51O(1)-Pu(1) 1.732(8) O(1)-Pu(1)-O(2) 179.2(4) O(2)-Pu(1) 1.744(8) O(3)-Pu(1)-O(4) 50.0(2) O(3)-Pu(1) 2.502(8) Cl(2)-Pu(1)-Cl(3) 84.40(8) O(4)-Pu(1) 2.549(7) Cl(1)-Pu(1)-Cl(3) 82.97(8) Cl(1)-Pu(1) 2.680(3) Cl(2)-Pu(1)-Cl(3) 84.40(8) Cl(2)-Pu(1
Computational Details and Results
The M06-2X level of theory 8 and the following basis sets: Pu -60MWB-SEG + ECP-60MWB; [9] [10] [11] I -def2-TZVP + ECP; Cl, C, N, O, H -def2-TZVP 12 were used in the electrostatic potential (ESP), Quantum
Theory of Atoms in Molecules (QTAIM) and Natural localized molecular orbital (NLMO) calculations.
Atomic coordinates were taken directly from the crystallographic data and the structures were not optimized. All calculations were performed using Gaussian 09 (rev. D.01) 13 (with the Gaussview V5.01 interface 14 ) save for the QTAIM analysis, which was performed using AIMALL. 15 The anions from 1 -4 were calculated and mapped on a 0.001 au isodensity surface so that the crystallographically observed structural motifs could be rationalized and the non-covalent interaction (NCI) acceptor-donor properties characterized. The NCIs were also treated with a QTAIM analysis so that the nature of each interaction could be assessed in a manner that is somewhat independent of the Coulombic contribution. The plutonium/ligand bonding interactions were also investigated computationally using QTAIM and NLMO analyses to probe the covalent character of each bond and to elucidate the atomic orbital contributions that comprise each bonding interaction.
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Electrostatic Potential 
Figure S12. The electrostatic potential of the [Pu(NO 3 ) 6 ] 2-anion from 1 is mapped on an 0.001au isodensity surface. The color scale represents a gradient from high potential magnitude (red, -667 kJ mol -1 ) to a low potential magnitude (deep blue, -509 kJ mol -1 ). Figure S13. The electrostatic potential of the [PuCl 3 (NO 3 ) 3 ] 2-anion from 2 is mapped on an 0.001au isodensity surface. The color scale represents a gradient from high potential magnitude (red, -740 kJ mol -1 ) to a low potential magnitude (deep blue, -522 kJ mol -1 ). 
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Figure S14. The electrostatic potential of the [PuCl 4 (NO 3 ) 2 ] 2-anion from 3 is mapped on an 0.001au isodensity surface. The color scale represents a gradient from high potential magnitude (red, -722 kJ mol -1 ) to a low potential magnitude (deep blue, -570 kJ mol -1 ). 
Natural Localized Molecular Orbital (NLMO) Analysis
These Pu systems are open shell and as such, the alpha and beta electron spins were considered in the natural localized molecular orbital analyses. The results compiled in Tables S9 and S10 reflect only the alpha spins, yet each consideration is reported in full in the following section. The orbital contributions that contribute greater than 1% (relative to the total) are included in Table S9 whereas all others have been omitted. 
[UO 2 Cl 3 (NO 3 )] 2-Computational Results
The crystallographic data of (C 5 H 5 NBr) 2 [UO 2 Cl 3 (NO 3 )] 16 was utilized and truncated so that the [UO 2 Cl 3 (NO 3 )] 2-anion could be treated to the same breadth of computational analyses that the plutonyl analogue was subjected. These analyses were performed at the same level of theory used to analyze 1-4 to demonstrate the consistency of our computational approach here and with our previous work. 17, 18 We note that the results of these analyses are consistent with established bonding trends in actinyl systems 19 and with the results of other related computational studies. 20 
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Electrostatic Potential
The electrostatic potential of the [UO 2 Cl 3 (NO 3 
QTAIM Analysis
The QTAIM analysis revealed the U bonding picture in the [UO 2 Cl 3 (NO 3 )] 2-anion to be both covalent and ionic ( Table S12 ). The electron density parameters indicate the axial U=O yl bonds are strong and covalent whereas the U-O nitrate and U-Cl bonds are polar and ionic. The U-Cl bonds have a minor covalent contribution as the electronic energy density (H) parameter is negative and the potential and local kinetic density ratio is ~1.2, which are both indicative of a partially covalent interaction. The
[UO 2 Cl 3 (NO 3 )] 2-anion was truncated to the bare, uncoordinated uranyl cation and QTAIM analysis performed, the results of which again highlight the covalent nature of the U=O yl bond. 
